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Deoxyribonucleic acid isolated from bacteriophage A can infect 
Escherichia coli Kl2 in the presence of adsorbed helper phage (Kaiser 
and Rogness, 1960; Kaiser, 1962). The manner in which A DNA enters 
the cell and the possible role of helper phage in the penetration pro-
cess is still not clear. Kinetic studies conducte d in this laboratory 
during the initial stages of infection by A DNA demonstrate a require-
ment for helper function during the penetration of an infectious mole-
cule, Further investigation into this problem is needed and was the 
major objective of this study. 
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REVIEW OF LITERATURE 
Bacteriophage A 
Lambda (A) is a temperate phage having a molecular weight of approxi-
mately 108 daltons and consisting of equal parts protein and DNA (Kaiser 
and Rogness, 1960) . Electron microscopic observations of A reveal a 
hexagonal head with the dimensions 57 mµ x 57 mµ attached to a curved, 
cylindrical tail with the dimensions 140 mµ x 8 mµ (Cummings, Chapman, 
and Delong, 1965). These observations also reveal an absence of tail 
plates, tail collars, and tail fibers, and in thin sections, the pre-
sence of a DNA-free region near the center of its in situ DNA. 
A can normally infect the bacterium, Escher i chi a coli Kl2. During 
infection, A attaches to bacterial receptor sites and injects its DNA 
into its host. The attachment process is specific and requires magne-
sium ions. The process is also reversible and can occur at O C (Bode 
and Kaiser, 1965). 
The mechanism of how the DNA present in the head of A penetrates 
the bacterial cell remains a mystery. The process of injection appears 
to be energy requiring since it is temperature dependent and appears to 
be linked to the presence of a lysozyme-like enzyme present in the tail 
of A (Fisher, 1959). The enzyme acts on the deeper, lipopolysaccharide 
layer of the cell wall of E. coli. 
Upon entry, A DNA can either undergo lysogenization and become a 
stable associate of the bacterial genome, replicating at the same rate, 
or lyse the cell following lytic replication and formation of mature 
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phage. Dove and Weigle (1965), using the technique described by Kaiser 
(1962), demonstrated an eclipse in infectivity during the lytic repli-
cation of A DNA. Although the intracellular DNA had reached a concen-
tration of 25 phage equivalents per cell by 20 minutes after the start 
of incubation, the presence of infectious units could not be demonstrated 
until 35 minutes after infection, coinciding with the production of 
mature phage. Sedimentation studies revealed that the loss of infecti-
vity is related to a change in structure of the normal linear duplex 
molecule to condensed and circu lar forms during the lytic cycle (Bode 
and Kaiser, 1965; Weissbach , Lipton, and Lisio, 1966). 
During the lytic replication of phage genomes, the infected cell 
will commence synthesis of the protein components so as to yield mature 
phage. A concomitant increase in the intracellular l ysozyme activity 
results in lysis of the cell and release of phage into the surrounding 
medium (Jacob and Fuerst, 1958). 
Structure of DNA Isolated from A 
Deoxyribonucleic acid can be isolated from phage A by treatment 
with phenol (Kaiser and Rogness, 1960). The DNA preparations are com-
posed of double-stranded polymers which are homogeneous in molecular 
weight, having a guanine-cytosine content of 0.49. 
Upon treatment with hydrodynamic shear, molecules of A DNA can be 
broken into two half-molecules (Kaiser, 1962). The half-molecules can 
be separated by chromatography on methylated serum albumin columns, 
with each half-molecule transferring the genes associated with its half 
of the known linkage map (Radding and Kaiser, 1963; Rogness and Simmons, 
1964). The results indicate that the map sequence and the nucleotide 
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sequence in the isolated DNA molecules are the same. 
Sedimentation analysis of A DNA preparations indicates the exis-
tence of at least four structural forms: linear monomers, folded mono-
mers, open dimers, and open trimers (Hershey, Burgi, and Ingraham, 
1963). All four forms are stable at low temperatures and at low DNA 
and salt concentrations. Heating to 72 C results in an increase of 
linear monomers. 
Electron microscopic observations of A DNA demonstrate that up to 
80 percent of the fibers form closed rings (Ris and Chandler, 1963). A 
number of longer fibers are also found corresponding to multiples of 
the basic length. MacHattie and Thomas (1964) demonstrated by electron 
microscopy that the length of A DNA is 17.2 µ, correspo nding to a mole-
cular weight of 33 million. They found that incubation of the DNA at 
60 C resulted in a change from linear molecules to circular forms. The 
process is reversible and the point of junction cannot be distinguished 
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by any irregularity in the duplex molecule. The work of MacHattie and 
Thomas was substantiated by the studies conducted by Caro (1965). Caro 
found A DNA to measure 17.3 ± 0.6 µ in length, corresponding to a mole-
cular weight of 33 million. Suicide rates, owing to incorporated tri-
tium, were consistent with the molecular weight calculated from length 
measurements. 
Utilizing the specific enzymes, DNA polymerase and exonuclease III, 
Strack and Kaiser (1965) demonstrated that 5' hydroxyl (or 5' phosphate)-
terminated single strands protrude from both ends of the double-stranded 
molecule of A DNA. To account for the fact that the two ends of a mole-
cule of A DNA can cohere, specifically, to each other, the protruding 
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ends must have complementary base sequences acting as cohesive ends. 
The equilibrium constant for the change from linear to circular 
forms of A DNA was obtained at different sodium chloride concentrations 
(Wang and Davidson, 1966). By stud ying the process as a function of 
temperature, the thermodynamic parameters were obtained and from the 
data, the number of base pairs involved in cyclization is 10 ± 1. The 
kinetics of the process was also studied and the activation energy 
obtained for cyclization is 23 kcal/mole. The results suggest that the 
rate limiting st ep during the process is hydrogen bonding, not the dif-
fusion of the two ends toward each other . 
Activity of DNA Isolated from A 
Kaiser and Rogness (1960) demonstrated that DNA isolated from A 
can infect and lysogenize E. coli Kl2. When the defective transducing 
phage Adg was used as the DNA source, the subsequent lysogenization led 
to the integration of bacterial genes and complied with the definition 
of transformat ion . The cells need not be competent in the sense of 
classical transformat ion, but require the simultaneous or prior irre-
versible adsorption of mature A (helper phage) for infection by isolated 
A DNA preparations. The number of infected bacteria is proportional to 
both the phage DNA and helper-infe cte d bacterial concentrations, indi-
cating that one phage genome is sufficient for an infection. The pro-
cess was found to be extremely inefficient, with only 10-6 of the helper-
infected bacteria being infected by a homogeneous DNA preparation at 
saturating conditions. 
Kaiser (1962) studied the effect of hydrodynamic shear on the infec-
tivity of A DNA. When molecules of A DNA were broken in half, only one 
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of the two half-molecules appeared to have any major biological activity. 
Through his studies of the recombination occurring between helper phage 
and DNA entering E. coli, Kaiser was led to suggest that penetration is 
oriented, one end entering first . This interpretation was discredited 
when Radding and Kaiser (1963) demonstrated that both halves are inde-
pendently active when different genetic markers are assayed. 
If \ DNA is incubated with DNA polymerase at 15 C, the biological 
activity of the DNA preparation decreases in direct proportion to the 
time of incubation and the enzyme concentration (Strack and Kaiser, 1965). 
Since polymerase repa irs single-stranded ends at this temperature, these 
enzymatic studies indicate that cohe si ve ends are required for infec-
tivity. Incubation with exonuclease I I I re stores a large proportion 
of the lost activity. In agreement with these observatio ns, Kaiser 
and Inman (1965) demonstrated that circular forms and fragments arising 
from the interior of \ DNA molecules which have undergone two or more 
breaks are not active . Although the reason for the requirement of co-
hesive ends for biological activity is not known, Kaiser suggested that 
they may be important during the penetration process. 
Barnhart (1965) studied the transient-phase kinetics of A DNA infec-
tion and found an initial lag of 55 to 80 sec for the infecting DNA to 
become DNase insensitive at 33 C. The lag period was temperature sensi-
tive, having a 010 = 4, but insensitive to either DNA or helper-infected 
bacterial concentrations. The results indicate that the DNA becomes 
firmly associated with the cells soon after infection and that the lag 




The mechanism of the helping effect of mature A is not understood. 
It has been suggested that its main effect is to permit the penetration 
of isolated phage DNA (Kaiser and Rogness, 1960). This suggestion is 
in agreement with the observation that E. col i spheroplasts, produced 
by the combined action of lysozyme and versene, can be infected with 
A DNA in the absence of adsorbed helper (Meyer, Mackal, Tao, and Evans 
Jr ., 1960). 
Dussoix and Arber (1965) studied the host specificity and restric-
tion of A DNA preparations and found that non-restricted DNA was poorly 
infectious if a restricted phage was used as helper. Since helper func-
tions are exerted with similar efficienc y by non-restricted phage infect-
ing either sensitive or immune recipient bacteria, the results indicated 
that an essential step is carried out by helper after the injection of 
its DNA, independent of whether the replication of its DNA is inhibited 
by the immunity. Transformation experiments, demonstrating that locali-
zation of DNA from a A-¢80 hybrid phage carrying the wild- type trypto-
phan synthetase genes of E. col i is dependent on the helper phage, sug-
gests that some type of physical interaction takes place between helper 
DNA and infecting DNA (Taylor and Yanofsky, 1966). The physical inter-
action may be the joining of cohesive ends. 
The function of helper is not restricted to the infection of E. coli 
by isolated A DNA, but is also required for infection by the defective 
transducing phage, Adg. Adg is capable of transducing a cluster of loci 
restricted to the galactose operon of E. coli. Since Adg does not have 
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the complete phage genome, it is unable to produce plaques, but is 
still capable of lysogenization and transferring the gal characters at 
a low frequency. This transducing frequency can be increased by a fac-
tor of twenty-fold in the presence of ordinary \ ; i.e., helper phage, 
resulting in unstable gal+ clones which lose their gal characters at a 
frequency of 10- 3 per cell generation (Campbell, 1957). This particular 
helping effect can also be performed by a prophage within the recipient 
bacterium and is evidently not concerned with the penetration of the 
phage genome, but rather with supplying the genes which are absent in 
the defective phage (Campbell and Balbinder, 1959). 
Interaction between DNA and Bacteria 
The interaction between bacteria and DNA has been extensively inves-
tigated with classical transformation systems, where the efficiency 
approaches 100 per cent and where DNA penetration can occur without the 
requirement of helper phage. To determine the mechanism of the inter-
action, Fox and Hotchkiss (1957) studied the kinetics of transformation 
of pneumococci and found that the rate of uptake of DNA by competent 
cells could be saturated by high concentrations of either DNA or bac-
teria. Each dose-response curve described a rectangular hyperbola, sug-
gesting a reversible adsorption of DNA to receptor sites followed by an 
irreversible penetration. The rate limiting step leading to transforma-
tion is highly temperature dependent, having an energy of activation 
equal to 20 kcal/mole . Using the treatment conventional to enzyme 
kinetics, Fox and Hotchkiss estimated the number of attachment sites to 
be 33 to 70 per pneumococcal cell . 
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A few minutes after transforming DNA has been in contact with com-
petent bacteria, it becomes insensitive to inactivation by DNase and is 
assumed to have entered the cells. A more direct study of penetration 
requires that DNA be physically labeled. Lerman and Tolmach (1957) 
studied the incorporation of transforming DNA, labeled with a radioactive 
tracer, into competent pneumococci. They found that bacteria retain 
tracer in at least two distinguishable states following exposure to the 
DNA. Part of the bound tracer is removed by DNase, while the remainder 
appeared to be permanently bound, being direc tl y proportional to the 
concentration of transformed cells. The amount of DNA found in the 
transient state exhibited a lower temperature dependence than that which 
is permanently bound, indicating that transiently bound DNA is a rever-
sible intermediary state preliminary to penetration. In agreement with 
these results, Goodgal and Herriott (1961) found that washing competent 
cultures of Hemophilus influenzae reduced their ability to transform 
but not their capacity to bind DNA. These results suggest that rever-
sible and irreversible binding represent separate biochemical steps. 
Barnhart and Herriott (1963) studied factors which influenced the 
reversible and irreversible binding of DNA, labeled with a radioactive 
tracer, to competent cultures of H. influen zae. The pH and ionic strength 
of the medium and the extent of sonication and denaturation of the DNA 
affected the reversible step in such a way as to indicate an initial 
ionic attraction between DNA and competent cells. The irreversible 
step showed pH, ionic strength and temperature optima and was in h ibited 
by metabolic inhibitors such as 2,4-dinitrophenol, sodium azide, and 
iodoacetate. The results indicated an energy requiring process is in-
volved in the irreversible penetration of DNA into competent cel l s. 
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Stuy and Stern (1964) demonstrated a lag period of 4-5 sec for DNA 
uptake by H. influenzae. The lag was temperature dependent and inhibited 
by 2,4-dinitrophenol. The lack of dependence on DNA and bacterial con-
centrations indicated that the lag represents the average penetration 
time for transforming DNA and not the time necessary for the reversible 
attachment to reach equilibrium. Since there was a rapid adsorption of 
DNA to competent cells upon mixing, the lag appears to represent the 
rate limiting step at high DNA and cell concentra tions. 
Strauss (1965; 1966) studied the kinetics of appearance of linked 
traits as a function of the length of the lag period for DNA uptake by 
Bacillus subtil i s. An increased period of time was necessary for the 
joint emergence of linked genes as compared to the emergence of single 
markers. The leng th of the lag also appeared to be a function of the 
distance between the two loci. The results indicate that DNA enters 
competent cells in a lengthwise fashion; however, only part of the lag 
period appears to be devoted to the tr ansport of the DNA into the cell. 
Inhibition of DNA Penetration 
Since the initiation of transformation requires the penetration of 
transforming DNA through specific receptor sites, non-transforming DNA 
should inhibit the production of transformants. Lerman and Tolmach 
(1957) studied the inhibition of DNA uptake by competent pneumococci, 
using DNA of heterospecific origin . Both calf thymus and E. coli DNA 
could inhibit the rate of transformation. E. coli DNA could also be in-
corporated into the bacterium, but did not have transforming activity. 
Both penetration and transformation were inhi bited to the same degree, 
as expected of competition at the cell wall level. 
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Lacks and Hotchkiss (1960) demonstrated that the inhibitory acti-
vity is lost when DNA is denatured but is retained by DNA inactivated 
at subcritical temperatures. Their results indicated that single-
stranded species of DNA are unable to interact with receptor sites. 
Postel and Goodgal (1966) observed both reversible and irreversible 
uptake of denatured DNA by competent cultures of H. influenzae if the 
cells were placed in a medium having a pH of 4.8 . The denatured DNA 
could transform the cells with a relatively low efficiency when the 
cells were returned to neutral pH. 
Rosenber g, Sirotnak, and Cavalieri (1959) carried out simultaneous 
adsorption and transformation measurements using DNA degraded by shear 
as an inhibitor. When DNA was degra ded by shear, its inhibitory acti-
vity decreased with the molecular weight, the depende nce on size being 
the same as for penetration. A large part of the observed loss in acti-
vity was attributed to decreased adsorpti on of the DNA. The results 
indicate that a constant number of moles rather than weight of DNA is 
bound by each site at saturation. 
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MATERIALS AND METHODS 
Media 
The growth media include: 1% tryptone broth with 0.5% NaCl (TB 
medium) and its agar derivatives, TB soft agar (0.7% agar) and TB plate 
agar (1% agar); EMB-galactose agar consisting of TB plate agar, except 
with 1.5 % agar, to which is added 2.5 g Eosin powder (0.65 g methylene 
blue, 4.0 g Eos in Y, and 20.0 g K2HP04), and 1 g yeast extract; H-glu-
cose medium consisting of 0.1 M potassium phosphate buffer, pH 7.0, 
0.015 M (NH4)2S04), 0.001 M MgS04, 1.8 x 10-
6 M FeC13 , and 5 mg/ml of 
glucose. 
Bacteriophage stocks were kept in A-dil, consisting of 0.01 M potas-
sium phosphate buffer, pH 7.0, 0.01 M MgS04, and 10 µg/ ml of bovine 
plasma albumin. 
Bacteria to be used as recipients for A DNA infection were sus-
pended in TM medium, consisting of 0 . 01 M tris buffer, pH 7.5, and 
0.01 M Mgso4 , and TCM medium, consisting of 0.01 M tris buffer, pH 7.5, 
0.01 M MgS04 , and 0.01 M CaCl2. 
The buffers used include 0.1 Mand 0.01 M potassium phosphate buf-
fer, pH 7.0, and 0.01 M tris buffer, pH 7.5, consisting of 1.21 g of 
tris-(hydroxymethyl) aminomethane, 0.65 ml of concentrated HCl, and 
H20 to 1 liter. 
Bacterial Strains 
Mutants of Escherichia coli Kl2, kept on TB agar slants, were used 
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for all the experiments conducted in this s tud y . 
Mutant W3104 (gal 4), a galactose negati ve mutant deficient in galac-
tose-1-phosphate uridyl transferase and mutant W3104 (gal 4) lysogenic 
for A 434 hy mi, symbolized W3104 ( Ai 434mi), were used as indicator 
strains for infectivity and transformation assays. Mutant W3104 
( Ai 434mi) was used as a source of A 434 hy mi. 
Mutant W3104 (gal 4) doubl y l y sogenic for A and Adg, symbolized W3104 
( \ , Adg)/ \ , was used as a s ource of \ and Adg. The origin of W3104 
( A,\ dg)/ \ is de scri be d by Ka is e r an d Rogness ( 1960). 
Escherichia coli C600 and Bacillus subtilis SB 19 were used as 
s ources of ba c ter ial DNA. 
Bacteriophages 
Wild type \ , a temperate bacteriophage, forms turbid plaques about 
3 mm in diameter when plated on E. coli Kl 2 . The origin of \ is des-
cribed by Kaiser (1957). 
The recombinant, \ 434 hy mi, i s identical wi th \ except that it 
contains the immunit y sp eci ficity region of 434 (Kaiser and Jacob, 1957). 
The plaques formed by \ 434 hy mi are minute (mi) with well defined 
halos. \ 434 hy mi was used as helper phage in the infectivity and 
transformation experiments. 
The phage stocks were isolated by ultraviolet induction of the mu-
tant strains W3104 ( \ , \ dg)/ \ and W3104 ( \ i 434mi). The lysates were con-
centrated by centrifugation. Purified \ and \ dg stocks were obtained 
by cesium chloride density-gradient centrifugation (Kaiser and Rogness, 
1960). The phage stocks were dialyzed in A dil before use. 
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Isolation of DNA 
Bacteriophage DNA 
The standard procedure for the isolation of phage DNA is as follows: 
bacteriophage suspensions were diluted in tris buffer to an OD260 of 14. 
Aliquots of the diluted suspensions were added to equal volumes of 
water-saturated phenol and shaken vigorously for 1 min. The samples 
were centrifuged to separate the aqueous from the phenol phase. The 
aqueous phase was removed and subjected to the phenol procedure again. 
After the second centrifugation, the aque ous phase, containing the iso-
lated phage DNA, was removed and dialysed in TCM at O C. 
Bacterial DNA 
DNA from E. coli C600 was isolated by the technique described by 
Marmur (1963) except phenol was used for deproteinization. DNA from 
B. subtilis was isolated by the technique described by Bresler (1964). 
The optical density (OD) was determined at a wavelength of 260 mµ 
in a Beckman model DU spectro photometer using a 1 :cm light path. The 
concentrations of the DNA suspensions were then determined by the rela-
tionship: 
1 OD260 = 45 y/ml. 
Irradiation with Ultraviolet Light 
A 15 watt General Electric germicidal lamp, model Gl5T8, was used 
for both bacterial induction and studies on the effects of ultraviolet 
light on helper phage. The dose of ultraviolet light which resulted in 
the maximum yield of pfu was used for bacterial induction. 
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Irradiation of helper phage 
Suspensions of helper phage were diluted to a concentration of 4 x 
10 11 per ml in Adi l. The phage suspensions were then placed in plas-
tic petri dishes at a depth of 5-6 mm and irradiated for given periods 
of time in semi-darkness. 
Irradiation of phage DNA 
Phage DNA was diluted to a concentration of about 3 µg/ml in TCM. 
The DNA samples were then placed in plastic petri dishes at a depth of 
5-6 mm and irradiated for given periods of time in semi-darkness. 
Breakage of Phage DNA 
Solutions of DNA at an 0D260 = 0.2 were stirred in a 100 ml beaker 
at a volume of 20 ml. The stirring apparatus consisted of a stirring 
shaft, aligned with the axis of the beaker, with a propeller consisting 
of a Virtis 4.0 cm blade having a razor-edge on one side. This shaft 
was driven by a Heller GT21 motor whose speed could be varied or held 
constant. The stirring temperature was kept near 24 C. 
The breakage of the phage DNA was followed by determining the vis-
cosity of the DNA solutions at 30.00 ± 0.01 C with a capillary visco-
meter (Hogness and Simmons, 1964). 
Preparation of Helper Phage Ghosts 
The pyrophosphate technique used for the separation of phage DNA 
from the structural protein portion which is still capable of irrever-
sible adsorption to the bacterial surface (phage ghost) is similar to 
the procedure described by Van Vunakis and Herriott (1962). Helper 
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phage at a concentration of 6.4 x 1011 per ml in 0.01 M NaCl were diluted 
2x in 0.01 M tris buffer, pH 8.1, to serve as a control sample and in 
0.01 M sodium pyrophosphate, pH 8.1, for the production of ghosts. 
Both samples were incubated for 90 min at 42 C. At this time, the 
infectivity of the phage in the control sample had not decreased, whereas, 
the infectivity of the phage in the pyrophosphate sample had decreased 
by a fraction of 10- 4 of the original. 
Assays 
The biological assay for A DNA was similar to the procedure des-
cribed by Radding and Kaiser (1963). A culture of recipient bacteria 
was grown to a density of 8 x 108 per ml in H-glucose medium. The bac-
teria contained in 10 ml samples were sedimented and resuspended in 5 ml 
of TM at 0 C. Helper phage were added at the desired multiplicity and 
the samples incubated for 15 min at 37 C. This treatment was followed 
by sedimentation and resuspension of the bacteria in cold TCM. After 
keeping this suspension at 0 C for 60 to 120 min, 0.2 ml of helper-infected 
bacteria was added to samples containing 0.2 ml of properly diluted DNA 
and incubated at 30 C without shaking for time intervals ranging from 5 
to 30 min. DNase was added to a final concentration of 10 µg/ml and 
the samples chilled to 0 C. The samples were then mixed with 2 ml of 
soft agar containing 0.1 ml of W3104 (Ai 434mi) and poured over TB agar 
plates. The addition of W3104 (Ai4 34mi) was not necessary when this 
mutant was used as the indicator strain. 
Transformation assay 
For the assay of transformation of the gal marker, the same procedures 
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were used as in the infectivity assay except Adg DNA was used and the 
samples were poured over EMB-galactose agar. 
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EXPERIMENTAL RESULTS 
The Reaction between A DNA and Escherichia coli Kl2 
Time course of the reaction 
The time course of the reaction between bacteria infected with 
helper at high multiplicites has been previously described by Kaiser 
and Rogness (1960) . To determine what effect low multiplicities of 
helper infection may have on the reaction, an iso late of W3104 was 
infected with helper at a multiplicity of 0.02 and incubated with high 
A DNA concentrations. Samples were taken at different time intervals 
and were plated for the determination of p laque-forming units (pfu) 
formed as a function of time. A plot of pfu versus time is shown in 
Figure 1, where the helper-infected bacterial density is equal to 2 x 
107 per ml and the A DNA concentration is equal to 0.5 µg/ml. During 
the reaction, an initial lag period is evident, extending approximately 
1 min after the start of incubation. This observation is in agreement 
with the results obtained by Barnhart (1965). After the initial lag 
period, there appears to be a linear increase in pfu for at least the 
first 10 to 15 min of the reaction. At about 20 min after the start of 
incubation, there is a sharp decline in the production of pfu, resulting 
in an extended plateau. At the plateau region, only about 10-4 of the 
total helper-infected bacteria have been infected with A DNA. 
DNA dose-response curves 
To determine a possible mechanism for the reaction between phage 







40 so 60 
Time (minutes) 
Figure 1. Time course of the reaction between A DNA and bacteria at a 
DNA concentration of 0 .5 µg/rnl and a helpe r-infected bac-
terial density of 2 x 10 7 per ml. At the times indicated 
on the abscissa , pan crea tic DNase was added to the reaction 
mixtures . 
of helper was exposed to i ncreas ing conce ntrations of A DNA. To stop 
the reaction, pancreatic DNase was added to the reaction mixtures at a 
time during the lin ear i ncr ease in pfu. The number of pf u formed per 
time interval can th en be regarded as a measure of the initial velocity, 
disregarding the constant in itial lag period. 
When bacteria infected with helper at multiplicities of either 5 x 
10- 2 or 5 x 10-3 are incubated with high concentratio ns of A DNA, satu-
ration of the rate of infection occurs (Figure 2). Although the rate 
of infection is directly proportional t o the helper-infected bacterial 
dens i t y , the concentration of DNA requ ired to saturate the rate appears 
to remain constant, regardless of the concentration of either total bac-




















0.4 0.8 1. 2 1. 6 
µg /\ DNA per ml 
Figure 2. Effect of;\ DNA on the rate of infection. Symbols: D -
helper m.o.i. = 5 x 10-3, bacteria undiluted; 0- helper 
m.o.i. = 5 x 10-2, bacteria diluted l0x before incubation 
with DNA; 0 - helper m.o.i. = 5 x 10- 2 , bacteria diluted 
l0x after incubation with DNA. 
In terms of permeability, such saturation curves are familiar forms 
describing a unidirectional flux through a permeability barrier utiliz-
ing sites of limited capacity. The reaction can then be interpreted in 
terms of a rapid adsorption of the phage DNA to attachment sites at the 
bacterial surface, followed by a slow irreversible incorporation into 
the bacterium. Since the infectivity resides in a single molecule of 
DNA, the reaction sequence can be written as 
DNA + bacteri::i < adsorption complex ~ ~ ----:7 pfu. 
(D) (B) k_ 1 (D·B) (P) 
The proposed reaction sequence can be treated in a manner analogous 
to a conventional enzyme-substrate reaction (Fox and Hotchkiss, 1957). 
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The kinetic parameters will then be defined as the apparent dissocia-
tion constant, K, and the maximum velocity, V. 
The measured rate of the reaction is equal to the rate of break-
down of the adsorption complex 
d(P)/dt [ 1 l 
where k2 is the first-order rate constant describing the rate-limiting 
step at high concentrations of either reactant. 
When d(P)/dt is constant, then (D·B) must be constant, or 
d(D·B)/dt 0 [2] 
and steady-state kinetics can be applied. 
At high concentrations of A DNA, (D), only a negligible fraction 
has undergone penetration and can be treated as constant during the 
course of the reaction. 
Since (B)t = (B) + (D·B), where (B)t is the total bacterial concen-
tration, the rate of infection at high DNA concentration will be 
v = VD(D)/(KD + (D)) [ 3 l 
where VD= k2(B)t and Kn= (k 2 + k_1)/k1, 
For the case where the initial adsorption is essentially irrever-
sible; i.e., that k_ 1 = 0, the reaction sequence becomes only one extreme 
of the general situation and will not alter the interpretation of the 
results that will be presented. 
Determination of kinetic parameters 





























Reciprocal of µg A DNA per ml 
Figure 3. Determination of Ko and v0 for the reaction between bac-
teria and A DNA at high DNA concentrations. The helper-
infected bacterial density= 8 x 106 per ml. 
kinetic parameters is one proposed by Lineweaver and Burk (1934). If 
equation [3] is inverted, the result is 
1/v Ko/Vo(D) + 1/Vo, [4] 
A straight line should, therefore, be obtained if 1/v is plotted against 
1/(D). The intercept of the plot on the 1/v axis is 1/Vo and the slope 
is Ko/V0 . The line should also cross the abscissa where -1/(D) = -l/K 0 . 
Applying the Lineweaver-Burk treatment to the saturation of the 
rate of infection with high A DNA concentrations and rate-limiting 
helper-infected bacterial densities, values for the kinetic parameters 
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Reciprocal of the absolute temperature (10 3) 
Figure 4. Effect of temperature on the reaction between A DNA and bac-
teria at saturating DNA concentrations. The reaction mix-
ture was incubated for 5 min prior to the addition of DNase. 
of 6.7 x 102 pfu/10 min was obtained for Vn. The extrapolated value for 
Kn is 0.33 µg/ml or 6 x 10 9 molecules/ml, assuming a molecular weight 
for A DNA of 3.3 x 10 7 daltons. 
The effect of temperature 
The basic technique used to determine the effect of temperature on 
the rate limiting step is with the empirical Arrhenius equation 
d(ln Vn)/dT = E/RT 2 [5] 
where Tis the absolute temperature, R is the gas constant, and Eis 
the activation energy. By plotting log 10vD versus 1/T, a straight line 
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should be obtained having a slope equal to -E/2.3 R. 
As shown in Figure 4, VD is highly temperature dependent. A value 
of 23 kcal/mole was obtained from the linear portion of the graph for 
the activation energy, E. A G10 = 4 was obtained for temperatures be-
low 37 C, in agreement with the value reported by Barnhart (1965). 
The number of attachment sites 
To estimate the average number of attachment sites associated with 
each bacterium, the Lineweaver-Burk treatment was applied at high bac-
terial densities and rate-limiting concentrations of A DNA. At high 
bacterial densities, the total DNA concentration will be given as 
(D)t = (D) + n(D·B) [6] 
where n is the average number of attachment sites per bacterium or the 
average number of DNA molecules adsorbed per bacterium. The rate of 
infection will then be given by 
v = VB(B)/(KB + n(B)) [ 7 l 
As shown by rearrangement of equation [7], a plot of 1/v versus 
I I 
1/(B) will yield extrapolated values for VB= VB/n and KB= KB/n. 
Since the kinetic parameters are for the same reaction; i.e., the in-
fection of a bacterium by A DNA, KB= Kn and V:sf(D)t = Vn/(B)t. There-
I I 
fore, the ratios, KD/KB and Vn(D)t/VB(B)t, should yield independent 
estimates of the average number of attachment sites. 
A plot of 1/v versus 1/(B)t is shown in Figure 5. At a multipli-
city of 0.1, a bacterial density of 4 x 109 per ml was not sufficient 

































4 8 12 16 
Reciproc al of bacteria per ml (10 9) 
Determination of KB and VB for the reaction 
and A DNA at high helper-infected bacterial 
\ DNA concentration= 1.5 x 10-3 µg per ml. 





•- helper m.o.i. 
expected if A DNA could adsorb only to helper-infected bacteria. 
At multiplicities of 5 and 10, saturation of the rate occurred. 
I 
The extrapolated values for VB at multiplicities of 5 and 10 are 6. 7 x 
102 pfu/10 min and 2.5 x 102 pfu/10 min, whereas the extrapolated values 
I 
for KB at multiplicities of 5 and 10 are 1.7 x 109 bacteria/ml and 8.3 x 
108 bacteria/ml, respectively. 
Using the values obtained for the kinetic parameters at both DNA 
and bacterial saturating conditions, estimates of the average number of 
attachment or penetration sites were obtained and are shown in Table 1. 
The values calculated from the ratios of both the apparent dissociation 
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constant and maximum velocity at each multiplicity of helper infection 
appear to be in reasonable agree ment and approximate the average number 
of helper adsorbed per bacterium. This is the result that is expected 
if adsorbed helper acted in some manner as an attachment or penetration 
site for A DNA during the infection process. 
I 
If helper phage does act in the penetration of A DNA, VB should 
decrease upon an increase in the multiplicity of helper infection or 
n. Since rearrangement of equation [7] yields 
[8] 
a plot of VB/v versus the multiplicity of helper infection should yield 
a straight line with a slope equal to 1 and cross the abscissa where 
KB= -n(B). In Figure 6, a plot of equation [8] is shown. For a con-
centration of A DNA of 10-3 µg/ml and a bacterial density of 4 x 109 





















6 8 10 12 14 
m.o.i. of helpe r ph age 
Figure 6. Effect of helper m.o.i. on the rate of infection at high 
bacterial dens i t i es. The A DNA concentration= 10-3 µg per 
ml and the helper - infected bacterial density= 4 x 109 per 
ml. The reaction mixtures were incubated for 10 min prior 
to the addition of DNase. 
of 5 x 109 bacteria/ml is obtained for KB, in reasonable agreement with 
the observed value for Kn. These results indicate that helper does 
function during DNA penetration and acts in an independent manner during 
the adsorption process. 
Competition for sites 
When two DNA molecules each having a different, measurable, bio-
logical activity compete for the same attachment site, inhibition of the 
rate of entry of either component should occur. If the biological 
activity resulting from the penetration of only one DNA species is 











6 9 12 15 18 21 24 27 
Reciprocal of µg Adg DNA per ml 
Figure 7. Determination of Kr for the inhibition of the rate of gal 
transformation by A DNA. Symbols: 0- Adg DNA only; 
•- Adg DNA plus 0.75 µg per ml of A DNA. 
of the inhibiting DNA component will be given as 
V = Vn(D)/((D) + Kn(l + (r)/Kr)) [ 9] 
where Kr is the inhibition constant and (r) is the concentration of the 
inhibiting DNA component. 
As shown in equation [9], the apparent dissociation constant, Kn, 
will be increased by a factor (1 + (r)/Kr) when measured in the presence 
of the inhibitor. 
Applying the Lineweaver-Burk treatment to equation [9], a straight 
line will be obtained when 1/v is plotted against 1/(D). The intercept 
of the plot on the 1/v axis is 1/VD and the line should cross the abscissa 
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where 1/D = 1/Kn(l + (I)/K 1). If Kn and (I) are known, the value of K1 
can be determined. 
To test whether similar DNA molecules would compete for penetration 
sites and also to test the validity of the procedure, the possibility 
of inhibition of gal marker transformation by Adg DNA was tested by the 
addition of a constant concentration of A DNA. A double-reciprocal 
plot of both the rate of production of transforming units (tu) as a 
function of the Adg DNA concentra tion and the rate inhibited by 0.75 
µg/ ml of A DNA is shown in Figure 7. As expected, the inhibition is 
competitive, yielding a value of 0.2 µg/ml of Adg DNA for KD and 0.3 
µg/ml of A DNA for Kr. Both values are in reasonable agreement with the 
apparent dissociation constant obtained for A DNA, indicating that Adg 
DNA can penetrate with an efficiency comparable to A DNA despite the 
low efficiency observed for the transformation process. 
Specificity of the sites 
To determine whether the sites are specific for A DNA, inhibition 
studies were conducted using DNA preparations of herospecific origin. 
Inhibition of the rate of infection by 7 µg/ml of DNA obtained from 
Escherichia coli C600 is shown in Figure 8. Although the bacterial 
DNA did not have any discernible gal transformation activity when incu-
bated with helper-infected bacteria, the DNA preparation was active in 
competing for sites with A DNA. The inhibition constant, K1 , obtained 
for the bacterial DNA was equal to 5 µg/ml or roughly 10-20 times that 
obtained for A DNA. 
To further test the specificity of the penetration sites, calf 





























4 6 8 p::: 10 14 16 18 20 
Reciprocal of µg A DNA per ml 
Figure 8. Determination of Kr for the inhibition of the rate of infec-
tion by E . coli and calf thymus DNA. Symbols: 0- A DNA 
only; •- A DNA plus 7 µg per ml of E. co li DNA; 0 - A DNA 
plus 5 µg per ml of calf th ymus DNA. 
origin. Inhibition of the rate of infection by 5µg/ml of calf thymus 
DNA is shown in Figure 8. The inhibition is competitive and from the 
graph a value of 0.3 µg / ml was obtained for the inhibition constant. 
To test the role that the base ratio may have on the binding speci-
ficity of the DNA species to the attachment sites, B. subtilis DNA, 
having a guanine-cytosine content of 0.42 (Lee, Wahl, and Barbu, 1956), 
was used as an inhibitor of infection by A DNA. Inhibition of the rate 
of infection by 2.5 µg/ml of B. subtilis DNA is shown in Figure 9. The 
inhibition is competitive and from the graph a value of 0.4 µg/ml was 
obtained for the inhibition constant. 
In other inhibition studies which were conducted, heat-denatured 
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Reciprocal of µg A DNA per ml 
Figure 9. Determ i nation of Kr for the inhibition of the rate of infec-
tion by B. subtilis DNA. Symbols: 0- A DNA only; e- A DNA 
plus 2.5 µg of B. subtilis DNA. 
at a concentration of 100 µg/ ml were used but fai led to sho w any acti-
vity as inhibitors. 
To test the spec ifici ty of the sites to molecular size and to deter-
mine t he possible nature of the specificity, A 434 hy mi (helper) DNA 
was broken into half and quarter molecules by hydrodynamic shear. The 
decrease in the reduced specific viscosity, n /C, as a function of sp 
breakage resulting from shear is shown in Figure 10. After stirring 
at a rate of 1200 RPM for 50 min, the viscosity of the DNA preparation 
decreased to a plateau value of about 55 dl/g. Upon increasing the rate 
of stirring to 280 0 RPM, a new plateau value for the viscosity of the DNA 
preparation is reached, equal to about 30 dl/g. The first and second pla-
teau values of the reduced specific viscosity obtained for the DNA prepara-
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Figure 10. Effect of hydrodynamic shear on the reduced specific vis-
cosity of A 434 hy mi DNA. Symbols: 0- stirring speed= 
1200 RPM; •- stirring speed= 2800 RPM. 
molecules respectively (Rogness and Simmons, 1964). 
The biolog ical activity of the half-molecule preparation, when 
tested for pfu e ffic ien cy, was equal to 6.7 x 10- 2 of the biological 
activity of the unbroken DNA. The fraction of the biological activity 
of unbroken DNA found for the quarter-molecule preparation was only 
1.5 X 10- 3 . 
The inhibition of the rate of A DNA infection by whole, half, and 
quarter-molecule preparations was determined. To analyze the results, 
the ratio of the uninhibited to inhibited rate was compared. Dividing 







0.25 0.50 0.75 1 . 00 
µg A 434 hy mi DNA per ml 
Figure 11 . Fractional inhibition of the rate of infection by A 434 
hy mi DNA. The A DNA concentration= 0.25 µg per ml. 
The react i on mixtures were incubated for 5 min prior to 
the addition of DNase. Symbols: 0- unbroken A 434 hy mi 
DNA;•- A 434 hy mi DNA sheared for 50 min at 1200 RPM; 
0- A 434 hy mi DNA sheared for 50 min at 2800 RPM. 
v/v 1 [10] 
A plot of v/vr versus the inhibiting DNA concentration should yield a 
straight line having a slope equal to Kn/K1 ((D) + Kn) and an intercept 
equal to one. 
In Figure 11, a plot of the fractional rate of infection versus 
the concentration of A 434 hy mi DNA in µg/ml is shown. At a A DNA 
concentration equal to 0.25 µg/ml, whole, half, and quarter-molecule 
preparations inhibit the rate of infection with equal efficiency. This 
result would indicate that the degree of inhibition is not just a func-
tion of the number of competing molecules but possibly dependent on a 
definite site of specificity, not increased upon DNA breakage, 
The Effect of Ultraviolet Light on the 
Function of Helper Phage 
Dose-response curves 
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To separate the action of helper in the penetration process from 
other known functions, helper phage were irradiated with increasing doses 
of UV and the activity of helper determined during the infection of W3104 
and W3104 (Ai434mi) with A and Adg DNA. The possibility of multiplicity 
reactivation and photoreactivation (Adams, 1957) was reduced by infect-
ing the indicator bacterial strain with the irradiated helper at a multi-
plicity of 0.1 and incubating the helper-i nfe cted bacteria with the DNA 
preparations for 30 min under reduced visible light intensities. 
The reported pfu and tu values have been reduced to equal DNA con-
centrations since the phage DNA concentrations used during the following 
experiments were below 2 x 10-2 µg/ml. Under these assay conditions, 
the number of plaques or transformants obtained is proportional to the 
concentration of DNA in the assay mixture. 
When helper phage are irradiated with UV, the reproductive poten-
tial of the phage decreases exponentially, satisfying the expression 
[11] 
where Pis the number of pfu formed after a UV dose equivalent to D, 
P0 is the number of pfu formed without UV irradiation, and k is a con-
stant describing the UV sensitivity of the phage. When D = 1/k, P/P 0 = 
e- 1 and is defined as one lethal hit. 
The decrease in the activity of helper during A and Adg DNA infec-
tion as a function of the UV dose equivalent to the number of lethal 
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UV dose (lethal hits) 
Figure 12. Effect of UV irradiatio n on helper phage activity in W3104. 
Symbols: 0- A DNA infectivity; •- transformation with 
Adg DNA. 
hits sustained by helper phage is shown in Figure 12. As shown by the 
graph, the infection of W3104 by A DNA appears to decrease as a multi-
hit process. Little change in infectivity occurs after a UV dose of 6 
lethal hits, indicating that helper can still function effectively during 
the penetration process. After a dose of 12 lethal hits, the infectivity 
drops exponentially at a rate which is roughly 40 times less than the 
decrease in the plaque-forming capacity of helper phage. 
The effect of UV inactivation of helper phage on the transformation 
of W3104 by Adg DNA is shown in Figure 12. After helper phage have sus-
tained an equivalent of 6 lethal hits, the number of transformants has 
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UV dose (seconds of irradiation) 
Effect of UV irradiation 
and \ dg DNA. The helper 
hits of UV irradiation . 
pfu per 30 min. 
on the biological activity of A 
phage used had sustained 10 lethal 
Symbols: 0- tu per 30 min; •-
Although the transformed colonies were not surrounded by a zone of lysis, 
they did appear to segregate the gal marker. These results are expected 
if UV irradiation of helper phage destroyed its helping function during 
lysogenization, resulting in transformants which are lysogenic for \dg 
only (Campbell, 1957). After helper sustained 12 lethal hits of irra-
diation, the number of transformants decrease exponentially at a rate 
similar to that observed for A DNA infectivity. 
To test whether the rapid decrease in transformation efficiency is 
due to UV inactivation of helper activity during lysogenization, the 
transformation efficiency was tested after UV irradiation of \dg DNA. 
To eliminate any observable helping activity during transformation, 
37 
helper phage were also irradiated with a dose equivalent to 10 lethal 
hits prior to incubation with the sensitive recipient. Since an increase 
in the frequency of transduction is observed in the absence of helper 
phage after UV irradiation of Adg (Arber, 1958), UV irradiation of Adg 
DNA should increase the efficiency of transformation if DNA penetration 
is not markedly altered and rate limiting. 
The effect of UV irradiation on phage DNA infectivity is shown in 
Figure 13. As shown in the graph, the frequency of transformation 
increases after irradiation of Adg DNA, whereas irradiation of A DNA 
appears to result i n an exponential decrease in the frequency of pfu 
formation. 
To study th e decrease in activity of UV irradiated helper phage 
during phage DNA penetration and lysogenization, mutant W3104 (Ai 434mi) 
was used as the indicator strain for infection with both A and Adg DNA. 
Since the recipient host carries a pr ophage which is capable of helping 
during the process of lysogenization, UV inactivation of helper should 
not alter the frequency of transformation if helper phage can still func-
tion effectively during the penetration process. The resulting trans-
formants should then be double lysogens (Campbell and Balbinder, 1959). 
The decrease in the activity of helper during A and Adg DNA infec-
tion of W3104 (Ai 434mi) as a function of the UV dose is shown in Figure 
14. As shown by the graph, little change in the frequency of tu or pfu 
occurs up to a UV dose sustained by helper phage equivalent to 6 lethal 
hits. After a dose of 18 lethal hits, the infectivity appears to drop 
at a rate which is roughly 60 times less than the decrease in the plaqu e-
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Effect of UV irradiation on helper phage activity in W3104 
(;U434mi). Symbols: 0- ;\ DNA infectivity; O- transfor-
mation with ;\dg DNA; •- ;\dg DNA infectivity. 
surrounded by a zone of lysis and appeared to segregate the gal marker, 
the transformants appeared to be lysogenic for both >-dg and the prophage 
originally carried by the recipient. 
The infective-centers produced by ;\dg DNA increase markedly after 
helper phage have sustained the equivalent of 6 lethal hits. If the UV 
inactivated helper increased the frequency of lysis by ;\dg DNA at the 
expense of its transformation efficiency, the total activity of ;\dg DNA 
would be a more accurate measure of its efficiency and the resulting 
curve would more closely approximate the curve obtained for the activity 
of;\ DNA. 
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Helper Activity of Phage Ghosts 
To test the possibility that the structural protein portion of 
A alone can act as helper during the infection of E. coli by A DNA, a 
preparation of A 434 hy mi was treated with pyrophosphate according to 
the procedure described by Van Vunakis and Herriott (1962). Mutant 
W3104 was then infected with either the control or ghost preparation 
at an equal concentration of phage protein. The m.o.i. was then deter-
mined from the concentration of phage still capable of plaque-forming 
activity in the incubation mixture. After incubation at 30 C for 30 
min with A DNA at 0.7 µg/ ml, DNase was added to the mixtures and the 
samples were plated and assayed for the infectivity of A DNA relative 
to the control sample. 
The helping efficiency of the pyrophosphate treated helper phage 
is shown in Table 2. Within experimental error, the efficiency per 
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m.o.i. of the control sample agrees with the value obtained from the 
sample . in which pyrophosphate treated phage were incubated with 10 µg/ml 
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of pancreatic DNase before they were diluted 10 fold and allowed to 
infect the recipient bacteria. The efficiency per m.o.i. of the phage 
treated with pyrophosphate only is greater than the control sample by 
a factor of 14. 
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DISCUSSION 
The experimental results indicate that during the reaction between 
A DNA and E. coli Kl2, helper phage are required for at least two sepa-
rable steps: (1) the initial adsorption process and possibly the pene-
tration of A DNA; and (2) the lysogenization of a defective phage 
genome. 
The requirement for helper during the initial adsorption process 
is demonstrated by the kinetic evidence presented in this study. In 
all the experiments which were conducted, there appeared to be a direct 
relationship between the average number of adsorbed helper and the num-
ber of DNA molecules adsorbed per bacterium. Since the growth of the 
recipient bacteria is inhibited at multiplicities higher than 14 (Kaiser 
and Hogness, 1960), this m.o.i. was considered a maximum level. 
From the results of the inhibition experiments, the adsorption pro-
cess appeared to be nonspecific for either the source of the DNA prepa-
ration, the size of the inhibiting fragment, or the base ratio of the 
inhibiting molecule, but did appear to be specific for double-stranded 
DNA. The actual specificity of the penetration process, however, could 
not be determined by the techniques employed in this study. 
The mechanism for the helping function during the initial infection 
process is difficult to assess. The simplest hypothesis one can formu-
late about this function would be a localized, enzymatic degradation 
of the cell wall of E. coli, providing a "hole" through which the DNA 
can pass. In this hypothesis, the infection process would be a non-
specific flux of DNA through the cell membrane at the sites of phage 
attachment. Evidence for this hypothesis stems largely from reports 
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of spheroplast infection by A DNA without the requirement of helper phage. 
Although little evidence has previously been presented that would refute 
this hypothesis, Barnhart (1965) reported that uncouplers of oxidative 
phosphorylation could inhibit the linear, end-to-end incorporation of 
the phage genome. This result would i ndicate that energy requiring 
processes are necessary for penetration. The flux should then be more 
than just a function of the concentration gradient. 
During the initial infection process, two possibilities for helper 
function exist which would yield the kinetic results obtained in this 
study: (1) active participation in both the reversible and irreversible 
steps in the reaction sequence; and (2) participation in the initial 
adsorption process only, facilitating the active uptake of phage DNA 
through the cell membrane. The second alternative would include the 
localized degradation of the cell wall to uncover fixed receptor sites 
on the membrane of the bacterium. Although neither alternative may be 
correct, the apparent lack of helping activity of phage ghosts, along 
with the results reported by Dussoix and Arber (1965) and Taylor and 
Yanofsky (1966), would support an active participation of the helper 
phage DNA in the irreversible incorporation step, possibly by some 
physical interaction with the incoming infective DNA. If helper DNA 
is necessary for this step in the reaction sequence, its activity must 
be quite refractile to UV irradiation since a dose equivalent to 42 
lethal hits did not decrease the infection process appreciably but did 
significantly alter its helping activity during the lysogenization of 
Adg DNA in the sensitive recipient. This result suggests that repli-
cation of the helper genome is not required for activity during the 
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infection by A DNA. If the reaction sequence described the physical 
interaction between the infecting DNA species and helper DNA, the lack 
,, 
of specificity with regard to both the DNA source arid the size of the 
DNA molecule would indicate that only a small region is required for 
interaction to take place, regardless of the biological activity of 
the infecting DNA molecule. This region may be a cohesive end. 
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SUMMARY 
The initial stages of infection of Escherichia coli Kl2 by DNA 
isolated from bacteriophage A were followed by measuring the initial 
rate of DNA uptake as a function of bacterial and DNA concentrations 
and the multiplicity of helper phage infection. The kinetic studies 
indicate a rapid adsorption of the phage DNA to specific attachment 
sites at the bacterial surface, followed by an irreversible DNase-insen-
sitive incorporation. The rate limiting step in the proposed reaction 
sequence is highl y temperature dependent, having a temperature coeffi-
cient of similar magnitude to that shown by the initial lag period 
occurring during the time course of the reaction (Barnhart, 1965). A 
direct relationship found between the number of A DNA molecules adsorbed 
per bacterium and the multiplicity of helper phage infection suggests a 
requirement for helper function at the attachment site. 
Inhibition experiments conducted with heterologous DNA and A DNA 
broken by hydrodynamic shear demonstrated a lack of attachment specifi-
city with regards to fragment size and to the base ratio of the inhi-
biting DNA species. Heat-denatured DNA and RNA failed to show activity 
as inhibitors, even at saturating concentrations. 
Irradiation of helper phage with ultraviolet light up to a dose 
equivalent to 42 lethal hits did not decrease the infection process 
appreciably but did significantly alter its helping activity during 
the lysogenization of Adg DNA in a sensitive recipient. This result 
suggests that replication of the helper genome is not required for acti-
vity during the infection by A DNA. 
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